Introduction: Patients with type 2 diabetes (T2DM) are exposed to a high risk of cardiovascular disease (CVD) requiring a global therapeutic approach. Statin therapy has proven its efficacy in reducing CVD events in T2DM patients. Dipeptidylpeptidase-4 inhibitors (gliptins), which are increasingly used to target hyperglycemia, also offer promising preliminary results regarding a possible reduction in CVD events. As most patients with T2DM may be treated with both a statin and a gliptin, dual pharmacological therapy, possibly as a fixed-dose combination (FDC), deserves further consideration. Areas covered: The reader is provided with an update of information on the pharmacokinetics (PK) and pharmacodynamics (PD) of atorvastatin and sitagliptin. The article provides an analysis of the potential PK/PD interactions between the two compounds and puts into perspective the potential cardiovascular protection that such a dual therapy may offer in patients with T2DM. Expert opinion: Atorvastatin and sitagliptin are not prone to PK drug-drug interactions. Their coadministration, either separately or in an FDC, improves both blood glucose levels and cholesterol concentrations, without clinically relevant adverse events. The atorvastatin plus sitagliptin combination may be used to reduce LDL cholesterol and hyperglycemia in patients with T2DM, with the aim to improve CVD prognosis and adherence to therapy.
Introduction
Patients with type 2 diabetes mellitus (T2DM) are exposed to a high coronary risk. It is generally considered that almost two-thirds of patients will die from cardiovascular disease (CVD) and 50% from myocardial infarct or related complications. Thereby primary prevention of CVD in people with T2DM is a key objective as emphasized in both European and US guidelines [1, 2] . Lipid-lowering therapy plays a major role in the prevention of CVD, and statin is the pharmacological class that has proven the best efficacy in both primary and secondary preventions [3] . Thus, according to recent guidelines from the American Diabetes Association [4] and the European Society of Cardiology and the European Atherosclerosis Society [5] , most (if not all) T2DM patients must receive a statin therapy. This recommendation is supported by the significant 21% proportional reduction in major vascular events per mmol/l reduction in LDL cholesterol provided by statin therapy in patients with T2DM [6] , a figure similar to that observed in the general population [3] .
Atorvastatin is one of the most potent and extensively investigated hydroxymethylglutaryl coenzyme A (HMGCoA) reductase inhibitor. It lowers plasma total and LDL (low-density lipoprotein) cholesterol levels by inhibiting endogenous cholesterol synthesis and increasing the amount of available LDL receptors in hepatocyte membranes; it also reduces triglyceride (TG) levels, through an as yet unproven mechanism, which may offer an add-on value to treat diabetic dyslipidemia [7, 8] . In the Collaborative Atorvastatin Diabetes Study (CARDS), atorvastatin 10 mg/day reduced the risk of first CVD events by almost one-third in patients with T2DM without high LDL cholesterol [9] . However, in the Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints (ASPEN) in non-insulin-dependent diabetes mellitus, only a 10% (nonsignificant) reduction in composite primary cardiovascular endpoint was reported in the group receiving atorvastatin 10 mg, a finding that may somewhat attenuate the overall protective effect that may be expected from atorvastatin in patients with T2DM [10] .
Although the relationship is less strong than that with LDL cholesterol, there is a relationship between CVD risk and levels of glycemia. A collaborative meta-analysis of 102 prospective studies showed that diabetes confers about a twofold excess risk for a wide range of vascular diseases, independently from other conventional risk factors. In people without diabetes, fasting blood glucose concentration is modestly and nonlinearly associated with the risk of CVD [11] . Besides fasting glycemia, most epidemiological data also implicate postprandial hyperglycemia in the development of CVD, suggesting that glucose-lowering agents should also tackle postmeal hyperglycemia [12] . In addition, the confounding role of hypoglycemia has been pointed out [13] . The controversy has been magnified since the publication of the ACCORD (Action to Control Cardiovascular Risk in Diabetes) data suggesting a significant relationship between severe symptomatic [14] and even frequent and unrecognized hypoglycemia [15] , on the one hand, and increased CVD mortality, on the other hand. Therefore, the use of glucose-lowering agents that reduce both fasting and postprandial hyperglycemia without increasing the risk of hypoglycemia, such as inhibitors of dipeptidyl peptidase-4 (DPP-4) (also called gliptins) [16] , may offer clinically relevant advantages over sulfonylureas [17] . Indeed, the risk of (severe) hypoglycemia linked to sulfonylureas is well known [18] . In addition, from a pharmacokinetic point of view, sulfonylureas are exposed to drug-drug interactions (DDIs) [19] , which is not the case for most DPP-4 inhibitors [20] . This property may offer additional clinical benefit because patients with T2DM, especially in presence of CVD, are commonly treated by numerous medications and thus confronted to many potential DDIs [21] .
Sitagliptin (Januvia) has been the first DPP-4 inhibitor launched worldwide and benefits from the largest clinical experience [22] . It has shown its ability to improve glycemic control in T2DM patients treated by diet alone, metformin, sulfonylurea, glitazone, a metformin-sufonylurea combined therapy or even insulin [23] . As metformin is considered as the first-line medication in the management of T2DM, the most popular association is sitagliptin added to metformin, a combination that is available as fixed-dose combination (FDC) and largely used in clinical practice [24, 25] .
Most patients with T2DM should take several medications every day and compliance to drug therapy is increasingly viewed as a major concern [26] [27] [28] . The use of FDC may offer the advantage of reducing the number of tablets to be taken and thereby increase patient's adherence to therapy [29] . Sitagliptin is available worldwide in combination with metformin [24, 25] . Of note, atorvastatin was successfully combined with amlodipine, considering that hypertension and hypercholesterolemia are commonly associated and that both represent well-known CVD risk factors [30] . Because a statin is recommended in most patients with T2DM, another FDC might be considered in the future with the association of atorvastatin and sitagliptin. The present paper provides a pharmacokinetic (PK) and pharmacodynamic (PD) evaluation of atorvastatin and sitagliptin (see (Box 1)), either separately or combination. To identify relevant studies, an extensive literature search of MEDLINE was performed from January 2006 to March 2012, with the two key words 'atorvastatin' and 'sitagliptin.' No language restrictions were imposed. Reference lists of original studies, narrative reviews and previous systematic reviews were also examined.
Pharmacokinetic evaluation

Atorvastatin
Atorvastatin acid is highly soluble and permeable, and the drug is completely absorbed after oral administration. However, atorvastatin is subject to extensive first-pass metabolism in the gut wall as well as in the liver. As a consequence, oral bioavailability is rather low, around 14%. Food decreases the absorption rate of atorvastatin after oral administration, as indicated by decreased peak concentration and increased time to peak concentration [31] .
The volume of distribution of atorvastatin is 381 1, and plasma protein binding exceeds 98%. The total plasma clearance of atorvastatin is 625 ml/min and the half-life is about 7 h. The renal route is of minor importance (< 1%) for the elimination of atorvastatin. Atorvastatin is extensively metabolized in both the gut and liver by oxidation, lactonization and glucuronidation, and the metabolites are eliminated by biliary excretion and direct secretion from blood to the intestine. In vitro, atorvastatin is a substrate for P-glycoprotein (Pgp), organic aniontransporting polypeptide (OATP) C and H+-monocarboxylic acid cotransporter. In vivo, cytochrome P450 (CYP) 3A4 is responsible for the formation of two active metabolites from the acid and the lactone forms of atorvastatin. Finally, atorvastatin and its metabolites undergo glucuronidation [31] .
Because atorvastatin is subject to metabolism by CYP3A4 and cellular membrane transport by OATP C and Pgp, DDIs with potent inhibitors of these systems, such as itraconazole, nelfinavir, ritonavir, ciclosporin, fibrates, erythromycin and grapefruit juice, have been demonstrated [21] . An interaction with gemfibrozil seems to be mediated by inhibition of glucuronidation. A few case studies have reported rhabdomyolysis when the PK of atorvastatin has been affected by interacting drugs [32] . Atorvastatin increases the bioavailability of digoxin, most probably by inhibition of Pgp, but does not affect the PK of ritonavir or nelfinavir [31] .
Sitagliptin
We extensively described the PK properties of sitagliptin [33] and well as its low potential for DDIs [20] .
To determine the absolute bioavailability of sitagliptin and the effect of a high fat meal on sitagliptin PK, healthy subjects were randomized to each of three open-label treatments: an intravenous 100 mg dose of sitagliptin; a single oral 100 mg tablet of sitagliptin administered following a high fat meal; and a single oral 100 mg sitagliptin administered fasted [34] . The mean absolute bioavailability of sitagliptin was 87% with a 90% confidence interval (CI) of (81%, 93%). Interestingly, food did not affect sitagliptin PK and, therefore, the drug can be administered without regard to meal.
The metabolism and excretion of 14 C -sitagliptin were investigated in humans after a single oral dose of 83 mg/193 µCi [35] . Sitagliptin does not appear to undergo extensive metabolism. The primary route of excretion of radioactivity was via the kidneys, with a mean value of 87% of the administered dose recovered in urine. Mean fecal excretion was 13% of the administered dose. Parent drug was the major radioactive component in plasma, urine and feces, with only 16% of the dose excreted as metabolites (13% in urine and 3% in feces), indicating that sitagliptin was eliminated primarily by renal excretion. CYP3A4 was the major cytochrome P450 isoenzyme responsible for the limited oxidative metabolism of sitagliptin, with some minor contribution from CYP2C8. However, the contribution of CYP system in sitagliptin metabolism is very small so that clinically relevant DDIs via CYP3A4 or CYP2C8 would probably be negligible [20] .
As previously reviewed [33] , sitagliptin is excreted into the urine via active tubular secretion and glomerular filtration. Sitagliptin is transported by hOAT3, organic anion transporting polypeptide OATP4C1 and multidrug resistance (MDR) Pgp. In vitro studies suggested that hOAT3, OATP4C1 and MDR1 Pgp might play a role in transporting sitagliptin into and out of renal proximal tubule cells, respectively [36] . However, experimental in vitro data indicated that sitagliptin is unlikely to be a perpetrator of DDIs with Pgp, hOATl or hOAT3 substrates at clinically relevant concentrations and no in vivo clinically meaningful interactions have been described yet [20] . According to in vitro studies, sitagliptin is not an inhibitor of CYP isoenzymes CYP3A4, 2C8, 2C9, 2D6, 1A2, 2C19 or 2B6 and is not an inducer of CYP3A4. Based on these results, sitagliptin is considered unlikely to cause DDIs with other medications that utilize these pathways, and more particularly atorvastatin [20] .
Because sitagliptin is essentially excreted via the kidney, a study evaluated the PK of single doses of sitagliptin in patients with various degrees of renal insufficiency (RI) [37] . According to the results of this study, the recommended sitagliptin dosage adjustments are as follows: no adjustment for patients with mild RI (creatinine clearance 50-80 ml/min), a twofold decrease in the clinical dose of 100 mg q.d. (i.e., 50 mg q.d.) for patients with moderate RI (creatinine clearance 30 -50 ml/min) and a fourfold decrease in the clinical dose (25 mg q.d.) for patients with severe RI (creatinine clearance < 30 ml/min) or end-stage renal disease.
Atorvastatin plus sitagliptin
In contrast to what has been previously reported with the amlodipine/atorvastatin combination [30] or the metformin/ sitagliptin combination [24, 25] , no such studies are available yet regarding the atorvastatin plus sitagliptin combination.
As an example, the amlodipine/atorvastatin combination (Caduet ) can be briefly described as it may be considered as a model for a future atorvastatin/sitagliptin combination. It is a single-tablet FDC of the dihydropyridine calcium channel antagonist amlodipine, targeting high blood pressure, and the HMG-CoA reductase inhibitor atorvastatin, targeting hypercholesterolemia. The bioavailability of amlodipine and atorvastatin with the FDC was not significantly different from that with coadministered separate amlodipine and atorvastatin tablets [38] . Amlodipine/atorvastatin offers a convenient and effective approach to improving adherence and managing CV risk in hypertensive patients with dyslipidemia or at risk of CVD [30] .
One study in healthy subjects evaluated potential PK interactions between sitagliptin and simvastatin, an HMGCoA reductase inhibitor that shares some PK characteristics with atorvastatin. Coadministration of sitagliptin (100 mg twice daily for 5 days) and simvastatin (20 mg single dose) had no meaningful effect on the PK for active HMG-CoA reductase inhibitors, with a geometric mean ratio (GMR) (90% CI) for area under the curve of plasma concentrations (AUC 0 -last ) and maximal concentrations (C max ) of 1.06 (0.88 -1.26) and 0.94 (0.66 -1.34), respectively. There was also no statistically meaningful difference in T max between treatments. The conclusion was that steady-state sitagliptin does not alter the PK of a single dose of simvastatin [39] . We might speculate that it should be also the case with atorvastatin, although this remains to be proven.
Finally, a study evaluated the PK interaction of sitagliptin with another lipid-lowering agent. The bioavailability of sitagliptin 100 mg was increased by 54% when coadministered with gemfibrozil 600 mg twice daily. Even if it was concluded that this interaction may not have any clinical significance as sitagliptin has a wide therapeutic index, this conclusion may not hold if the dose of sitagliptin is increased or if is co-prescribed with other antidiabetic drugs and/or CYP 2C8/ human organic anion transporter-3 inhibitors [40] . However, atorvastatin does not share the properties of gemfibrozil, which is a strong inhibitor of CYP2C8 and OATP1B1 [21] .
Pharmacodynamic evaluation
There is no direct PD interaction between atorvastatin, a lipid-lowering agent, and sitagliptin, a glucose-lowering agent. However, besides their primary activity on lipid and glucose metabolism, respectively, some studies have reported that HMG-CoA reductase inhibitors (atorvastatin) may somewhat negatively influence glucose metabolism while others described some positive effects of DPP-4 inhibitors (sitagliptin) on lipid metabolism.
Effect of atorvastatin on lipid and glucose metabolism
Atorvastatin and lipid profile
Atorvastatin is a potent synthetic HMG-CoA reductase inhibitor, which explains most of its metabolic and protective activities ( Figure 1 ). In dosages of 10 -80 mg/day, atorvastatin reduces levels of total cholesterol, LDL cholesterol, TG, very low-density lipoprotein (VLDL) cholesterol and non-high-density lipoprotein (HDL) cholesterol, and increases HDL cholesterol in patients with a wide variety of dyslipidemias. In large long-term trials in patients with primary hypercholesterolemia, atorvastatin produced greater reductions in total cholesterol, LDL cholesterol and TG levels than other HMG-CoA reductase inhibitors (lovastatin, pravastatin, fluvastatin and simvastatin) [8] . However, in subjects with T2DM, smaller improvements of apoB/ apoA1 and across the lipid profile were observed with atorvastatin (20 -80 mg) compared with rosuvastatin (10-40 mg) [41] . In the DALI (Diabetes Atorvastatin Lipid Intervention) study, administration of 10 and 80 mg doses of atorvastatin provided similar, significant reductions from baseline in TG levels in patients with T2DM across the dose range, whereas atorvastatin improved cholesterol-related parameters in a dose-dependent manner [42] . In the CARDS study performed in T2DM patients without high cholesterol levels, allocation to atorvastatin 10 mg was associated with a net reduction in LDL cholesterol (-40%) and TG (-19%) and a negligible increase in HDL cholesterol (+ 1%), changes that were associated with a significant reduction in first CVD events (see below) [9] .
Atorvastatin and glucose control
In a collaborative meta-analysis of 13 randomized statin trials with 91,140 participants, of whom 4278 (2226 assigned statins and 2052 assigned control treatment) developed diabetes during a mean of 4 years, statin therapy was associated with a modest (9%) but significant increased risk for incident diabetes (odds ratio (OR) 1.09; 95% CI 1.02 -1.17). Treatment of 255 (95% CI 150 -852) patients with statins for 4 years resulted in one extra case of diabetes. The conclusion was that statin therapy is associated with a slightly increased risk of development of diabetes, but the risk is low both in absolute terms and when compared with the reduction in coronary events. Clinical practice in patients with moderate or high cardiovascular risk or existing CVD should not change [43] . Although little heterogeneity (I(2) = 11%) between trials was noticed in the collaborative metaanalysis [43] , potential differences between individual statins have been suggested, with pravastatin promoting risk reduction for new onset of diabetes contrasting with other statins (simvastatin, atorvastatin, rosuvastatin) that all promote significant increase in this risk [44] . These findings may suggest a potential preferable effect of the hydrophilic statins (such as pravastatin) as compared with lipophilic components of the class (atorvastatin, simvastatin) [45] . Indeed differences on insulin sensitivity in non-diabetic subjects between individual statins probably exist that may at least partially explain the findings of previously conducted meta-analyses examining the impact of statins on the development of diabetes [46] .
Controversial effects of atorvastatin on glucose control and insulin sensitivity have been reported. A randomized, single-blind, placebo-controlled parallel study was conducted in patients taking placebo and in patients given atorvastatin 10, 20, 40 and 80 mg/day, respectively, during a 2-month treatment period. Despite beneficial reductions in LDL cholesterol and apolipoprotein B, atorvastatin treatment resulted in significant increases in fasting insulin and glycated hemoglobin (HbA1c) levels consistent with insulin resistance and increased ambient glycemia in hypercholester-olemic patients [47] . A 24-week, open-label, randomized, parallel-group, Phase IIIb, multi-center study (CORALL) was designed to compare the cholesterol-lowering effects of rosuvastatin compared with atorvastatin in patients with T2DM. Mean fasting plasma glucose increased from baseline 8.7 to 9.5 mmol/l upon treatment with atorvastatin 20 mg and 9.0 mmol/l after treatment with 80 mg. Treatment with the highest dose of atorvastatin (80 mg) was associated with mild but significant increase in HbA1c levels from 57 mmol/l (7.4%) at baseline to 61 mmol/mol (7.7%). Future controlled studies are needed to verify these findings and, if confirmed, determine whether such changes represent a true decline in glycemic control [48] .
High-dose (80 mg) atorvastatin treatment compared with placebo in the SPARCL (Stroke Prevention by Aggressive Reduction in Cholesterol Levels) trial was associated with a significantly increased risk of new-onset T2DM (8.71 vs 6.06%, adjusted HR 1.37, 95% CI: 1.08 -1.75, p = 0.011). In the TNT (Treating to New Targets) trial (atorvastatin 80 mg vs atorvastatin 10 mg) and in the IDEAL (Incremental Decrease in End Points Through Aggressive Lipid Lowering) study evaluating atorvastatin 80 mg versus simvastatin 20 -40 mg, the differences were trivial and not significant. Baseline fasting glucose levels and features of the metabolic syndrome were predictive of new-onset T2DM across the three trials [49] . Thus, even if atorvastatin (at high dosage) may somewhat deteriorate glucose control and increase the risk of new-onset diabetes, these effects appear relatively small and most probably not really clinically relevant, compared with the cardiovascular benefits provided by the drug.
If atorvastatin may slightly increase the risk of new-onset diabetes, it may also worsen glycemic control in patients with T2DM. In CARDS, a slightly greater rise in HbA1c was observed in the atorvastatin 10 mg group (from 7.87 to 8.3%) than in the placebo group (from 7.81 to 8.1%) [9] . In ASPEN, a 0.2% increase in HbA1c was observed in both patients treated with atorvastatin 10 mg and placebo after 4 years of follow-up [10] . More importantly, in the AFORRD study [50] , a glycémie worsening potential of atorvastatin 20 mg of about 0.3% HbA1c was noticed (+0.37% vs +0.09% in the placebo group; p < 0.001). So in combination with the use of sitagliptin, which has a mean HbA1c-lowering capacity of 0.7 or 0.8% in randomized trials (see below), this might mean that part of the HbA1c-lowering effect of sitagliptin will be lost in combination with atorvastatin. This might be a concern, and a prospective randomized and placebo-controlled study looking into this issue is urgently needed.
Because of these findings in several studies, the FDA has added early 2012 wording to the 'warnings and precautions' section of statins: 'People being treated with statins may have an increased risk of raised blood sugar levels and the development of T2DM' [51] . 
Effect of sitagliptin on glucose and lipid metabolism 3.2.1 Sitagliptin and glucose control
By selectively inhibiting DPP-4 enzyme activity, sitagliptin increases GLP-1 levels, which results in improving insulin secretion (incretin effect) and reducing glucagon secretion (Figure 2) . Thereby, it reduces fasting (-1 to 2 mmol/l) and even more postprandial (-2 to 4 mmol/l) plasma glucose levels. Sitagliptin has proven to be effective in patients with T2DM treated with diet alone, metformin, a sulfonylurea, a thiazolidinedione, a combination metformin-sulfonylurea or even insulin [22, 23] . A synergistic effect has been particularly reported when added to metformin [24] . Overall, the reduction in HbA1c levels averages 0.8% (0.6 -1.0%) when compared with placebo. Such a reduction is almost similar to that seen with other oral glucose-lowering agents, provided that basal HbA1c levels are taking into account for the comparison [52] . Of clinical interest, this improvement in blood glucose control with sitagliptin occurs without inducing hypoglycemia or weight gain [22, 23] .
Sitagliptin and lipid profile
A recent meta-analysis suggested a possible beneficial effect of DPP-4 inhibitors on cholesterol, which, although small, could contribute to the reduction of CVD risk. Although the number of trials of appropriate size and duration was high (n = 53), only a small fraction of those (n = 17) reported data on endpoint total, HDL and LDL cholesterol and TG levels. The difference in means for endpoint versus baseline total cholesterol in patients on DPP-4 inhibitor treatment was significantly higher in comparison with controls, meaning that treatment with DPP-4 inhibitors is associated with a significant reduction in total cholesterol (-0.18 (-0.29; -0.06) mmol/l (-7.0 (-11.2; -2.50) mg/dl); p = 0.002) [53] .
DPP-4 inhibitors have also been found to have an effect on postprandial lipid levels [54] . Treatment with sitagliptin for 6 weeks reduced postprandial plasma levels of TG-rich lipoproteins of both intestinal and hepatic origin, most likely by increasing incretin hormone levels, reducing circulating plasma free fatty acid concentrations and improving insulin sensitivity and β-cell function [55] . Overall, however, the effect of sitagliptin on lipid metabolism seems to be modest, although statistically significant: sitagliptin 100 mg significantly decreased the postprandial AUCs for plasma apolipo-protein (apo)B (-5.1%), TG (-9.4%), VLDL cholesterol (-9.3%) and free fatty acids (-7.6%). 
Efficacy on cardiovascular disease
Considering the complementary mechanisms of action of atorvastatin and sitagliptin, which result in tackling several cardiovascular risk factors, one may expect that combining the two pharmacological agents may improve CVD prognosis (Figure 3 ).
Atorvastatin
The introduction of statins has drastically changed the treatment and prevention of atherosclerotic vascular disease. By lowering lipid levels and exerting various pleiotropic effects (for instance, reduction in silent inflammation and improvement of endothelial function), these drugs are among the most effective at reducing CVD morbidity and mortality available to clinical practice [3] . A meta-analysis of data from 18,686 individuals with diabetes (1466 with type 1 and 17,220 with type 2) in 14 randomized trials of statin therapy demonstrated a significant 21% proportional reduction in major vascular events per mmol/l reduction in LDL cholesterol in people with diabetes (0.79, 95% CI 0.72 -0.86), which was similar to the effect observed in those without diabetes [6] . These results were confirmed in a second metaanalysis from the same Cholesterol Treatment Trialists' Collaboration [3] . Across 26 trials on statin therapy, all-cause mortality was reduced by 10% per 1.0 mmol/l LDL reduction (RR 0.90, 95% CI 0.87 -0.93; p < 0•0001), largely reflecting significant reductions in deaths due to coronary heart disease (RR 0.80, 99% CI 0.74 -0.87) and other cardiac causes (RR 0.89, 99% CI 0.81 -0.98). Concerning the effect on major vascular events per 1.0 mmol/l reduction in LDL cholesterol, a RR of 0.80 (CI 95% 0.74 -0.86) was found in patients with T2DM compared with 0.78 (CI 95% 0.75 -0.81) in subjects without diabetes. There was no evidence of any threshold within the cholesterol range studied, suggesting that reduction of LDL cholesterol by 2-3 mmol/l would reduce risk by about 40 -50%.
However, the two meta-analyses of the Cholesterol Treatment Trialists consider primary prevention and secondary intervention together, which tends to obscure the evidence for true primary prevention, especially in patients with T2DM. A literature-based meta-analysis of 11 studies did not find evidence for the benefit of statin therapy on all-cause mortality (risk ratio, 0.91; 95% CI 0.83 -1.01) in a high-risk primary prevention set-up, including patients with T2DM [56] . A Cochrane review of 14 randomized control trials assessed the effects of statins in people with no history of CVD (primary prevention), with data collected in patients with or without diabetes [57] . All-cause mortality was reduced by statins (RR 0.83, 95% CI 0.73 -0.95) as was combined fatal and non-fatal CVD endpoints (RR 0.70, 95% CI 0.61 -0.79). However, the authors found some evidence of selective reporting of outcomes and inclusion of people with CVD. The conclusions were that only limited evidence showed that primary prevention with statins may be cost effective and that caution should be taken in prescribing statins for primary prevention among people at low cardiovascular risk [57] .
Reductions in total and LDL cholesterol levels achieved with atorvastatin have been shown to translate into reductions in risk of cardiovascular morbidity and mortality in both primary and secondary prevention settings [58], although heterogeneous results were reported in the two trials that exclusively enrolled T2DM patients. In CARDS, atorvastatin 10 mg/day was efficacious in reducing the risk of first CVD events (-37%; 95% CI: -52 to -17; p = 0.001) in patients with T2DM without high LDL cholesterol. Assessed separately, acute coronary heart disease events were reduced by 36% (-55 to -9), coronary revascularizations by 31% (-59 to 16) and rate of stroke by 48% (-69 to -11). Atorvastatin reduced the death rate by 27% (-48 to 1, p = 0.059) [9] . In ASPEN, despite a mean LDL cholesterol reduction of 29% versus placebo in the atorvastatin 10 mg group over 4 years, the composite primary endpoint incidence was not significantly reduced in the whole cohort (hazard ratio 0.90; 95% CI 0.73 -1.12), neither in T2DM patients without prior myocardial infarction or interventional procedure (primary prevention : hazard ratio 0.97; 0.74 -1.28), nor in patients with prior myocardial infarction or interventional procedure (secondary prevention : hazard ratio 0.82; 0.59 -1.15) [10] . The reasons for different effects in ASPEN when compared with CARDS are not clear, but may relate to the overall study design, the types of subjects recruited, the nature of the primary endpoint and the protocol changes required because of changing treatment guidelines. The conclusion was that the results of ASPEN did not confirm the benefit of therapy with atorvastatin but do not detract from the imperative that the majority of diabetic patients are at risk of coronary heart disease and deserve LDL cholesterol lowering to the currently recommended targets [10] . In this regard, atorvastatin has a potential role in the primary prevention of CVD events in diabetic patients at risk, irrespective of pretreatment LDL-cholesterol levels [59] . Nevertheless, the debate is still open in primary prevention as pointed out in a recent systematic review (including CARDS and ASPEN results, besides other trials) whose results questioned the use of cholesterol lowering to reduce mortality and cardiovascular complications in T2DM [60] .
Sitagliptin
T2DM is a well-established risk factor for CVD [1, 2] , and new therapeutic approaches, such as incretin-based therapies, should ideally also target CVD risk, beyond glucose control [61] . In a meta-analysis of 41 RCTs (9 of which are unpublished), the risk of CVD events and all-cause death with DPP-4 inhibitors was 0.76 (95% CI 0.46 -1.28) and 0.78 (0.40 -1.51), respectively [62] . A pooled analysis more specifically included data from 19 double-blind, randomized studies including 10,246 T2DM patients who received either sitagliptin 100 mg/day or a comparator agent (placebo or an active comparator). Treatment with sitagliptin was not associated with an increased risk of major adverse cardiovascular events versus comparator but rather with a lower incidence of CVD complications (0.6 vs 0.9%). In the prespecified analysis, the risk ratio for sitagliptin-exposed relative to non-exposed patients was 0.68 (95% CI: 0.41, 1.12) [63] . Recent experimental data suggested that the DPP-4 inhibitor sitagliptin may exert cardiovascular protective effects beyond its effects on glucose metabolism [64] .
Figure 3. Complementary metabolic and vascular mechanisms of action of atorvastatin and sitagliptin, which may result in improving cardiovascular prognosis in patients with type 2 diabetes. CV: Cardiovascular
Whether gliptins actually decrease CVD outcomes remains to be confirmed by large randomized placebocontrolled trials. Several prospective trials are ongoing in order to demonstrate the cardiovascular safety (most trials have, as first objective, to show non-inferiority cardiovascular outcome vs placebo) and possibly the superiority of DPP-4 inhibitors to reduce the incidence of CV events in T2DM patients at high risk of CVD. TECOS (Trial Evaluating Cardiovascular Outcomes with Sitagliptin: NCT00790205) is a long-term, eventdriven, non-inferiority cardiovascular outcomes trial specifically evaluating the impact of sitagliptin when added to usual diabetes care in a large, high-risk population [65] . Its primary objective is to determine whether including sitagliptin as part of usual care has any impact on a composite cardiovascular endpoint (cardiovascular-related death, nonfatal heart attack, nonfatal stroke, or unstable chest pain or discomfort of cardiac origin requiring hospitalization). This multinational, placebo-controlled, double-blind, randomized, parallel-group clinical trial will enroll approximately 14,000 patients, with an approximate follow-up of four to five years until 1300 primary cardiovascular events are accumulated. Study participants will have T2DM and preexisting CVD, be at least 50 years of age and have inadequate glycemic control (baseline HbA1c = 6.5 -8.0%) despite monotherapy or dual combination therapy with metformin, pioglitazone or a sulfonylurea. Full glycemic and cardiovascular risk factor treatment according to local guidelines for all participants is being emphasized. Because of the profile of the patients enrolled in TECOS, almost all of them will be treated by statin and, because of the common use of atorvastatin in clinical practice, presumably numerous will receive atorvastatin at various doses. Thus, this large trial will represent a great opportunity to test in the long run both the efficacy and safety of the atorvastatin and sitagliptin association in a quite huge number of T2DM patients at high CVD risk.
Atorvastatin-sitagliptin coadministration
Reduction of CVD events in patients with T2DM requires a global approach targeting all risk factors [66] . As many patients, especially with T2DM, present both arterial hypertension and dyslipidemia, atorvastatin has been associated with the dihydropyridine calcium channel antagonist amlodipine. Amlodipine/atorvastatin as a singletablet, FDC (Caduet) offers a convenient and effective approach to improving adherence and managing risk in hypertensive patients with dyslipidemia or at risk of CVD [30] .
Because of the well-known positive effects of atorvastatin and the promising results already reported with sitagliptin, we can speculate that the dual therapy should exert a favorable action on metabolic profile and CVD outcomes (Figure 3) . However, this is not proven yet and to our knowledge, there is no ongoing trial specifically testing this hypothesis. Currently, only short-term clinical trials are testing the efficacy on metabolic endpoints and overall safety of combining atorvastatin and sitagliptin in patients with T2DM. A Phase III study (NCT01477853) has begun enrolment of 750 patients with inadequately controlled T2DM on metformin monotherapy.
The study will examine if a treatment with sitagliptin in combination with atorvastatin reduces HbA1c and LDL cholesterol from baseline more than atorvastatin alone and sitagliptin alone, respectively. Following a singleblind, placebo run-in period, participants will be randomized to one of three treatment arms (sitagliptin monotherapy with placebo to atorvastatin, atorvastatin monotherapy with placebo to sitagliptin or sitagliptin plus atorvastatin) for 16 weeks (Phase A). During Phase B of the study (weeks 16 through 54), participants will receive either sitagliptin plus atorvastatin with placebo to glimepiride or glimepiride plus atorvastatin with placebo to sitagliptin. The study is expected to complete in 2014.
Safety profile
Atorvastatin
The existing data suggest that atorvastatin is generally well tolerated across the range of its therapeutic dosage (10-80 mg/day) [67] . Withdrawal rates related to adverse events are low (< or = 3%). The most common adverse events are mild gastrointestinal symptoms. Elevated serum transaminase levels occur infrequently (< or = 1.5%). These are generally asymptomatic, reversible and rarely require drug withdrawal. However, regular monitoring of liver enzymes is still recommended in most recent guidelines [5] . Dose-related myopathy and/or rhabdomyolysis also occurs very rarely, although the risk is increased by concomitant administration of cyclosporine, niacin, fibrates or by CYP3A4 isoenzyme inhibitors (e.g., erythromycin, systemic azole antifungal agents, etc.) with statins metabolized by this isoenzyme [21] . The PK of the individual statin, in the present case atorvastatin, should be considered in patients receiving polypharmacological treatments, to minimize the risk of unfavorable drug interactions [68] . Nevertheless, as already discussed, because of individual PK characteristics of the two compounds, the risk of DDIs between atorvastatin and sitagliptin appears almost negligible.
Sitagliptin
The safety profile of sitagliptin is in general excellent [22, 23] . In a recently updated pooled safety analysis of data from 10,246 patients with T2DM, sitagliptin 100 mg/day was generally well tolerated in clinical trials of up to 2 years in duration [63] . In particular, no notable differences in incidence rates were observed for anyinfection-related adverse events between the group of patients treated with sitagliptin and the group of patients not exposed to sitagliptin. The increased incidence rate of skin-related adverse events overall observed in the sitagliptin group was due to small differences in a few adverse events, including contact dermatitis and rash. However, a higher rate of angioedema or angioedema-related events was not observed in sitagliptin-treated patients compared with patients not exposed to sitagliptin. Nevertheless, a higher risk might be suspected when the DPP-4 inhibitor is coadministered with an angiotensin-converting enzyme inhibitor (a pharmacological class also frequently used in T2DM patients at high CVD risk) because both inhibitors are able to block the degradation of bradykinin and substance P, that is, two proinflammatory peptides [69] . In this pooled analysis, in which 82% of patients had cardiovascular risk factors in addition to diabetes and CVD, there was no difference between groups in the evaluation of cardiovascular complications overall, but a trend for a lower incidence of major ischemic events in the sitagliptin-treated group than in the non-exposed group, as already mentioned [63] . Finally, the same pooled analysis of controlled clinical trials revealed similar incidence rates of pancreatitis in patients treated with sitagliptin compared with those not treated with sitagliptin (0.08 events per 100 patientyears vs 0.10 events per 100 patient-years, respectively) [70] . Nevertheless, post-marketing careful check of the incidence of pancreatitis with incretin-based therapies, including sitagliptin, is still recommended.
Atorvastatin-sitagliptin coadministration
There is no obvious reason to consider that the dual therapy atorvastatin plus sitagliptin may be harmful. In clinical practice, the two drugs are commonly prescribed in patients with T2DM without any reported adverse events. Especially, liver enzymes do no appear to be altered by the combination atorvastatin and sitagliptin. However, an increased risk for muscle toxicity has been suspected after the report of a few case reports with atorvastatin and other statins.
A case of rhabdomyolysis in a 75-year-old Caucasian man with T2DM taking atorvastatin for several years who had recently (6 months ago) started taking sitagliptin. Unfortunately the doses of the two compounds were not mentioned in the letter to the editor [71] . Rhabdomyolysis was defined here as the breakdown of muscle tissue (evidenced by muscle pain and huge increase in serum creatinine kinase levels) attributable to any cause (no other cause outside drug therapy could be identified in this clinical case), which can but does not necessarily predispose to acute kidney injury (which was not the case here as renal function was and remained within normal range). Magnetic resonance imaging of the thighs showed perimuscular edema consistent with an inflammatory myopathy (muscle biopsy was not performed). Both sitagliptin and atorvastatin were stopped promptly and intravenous crystalloid was administered, and the clinical and biological evolution was progressively favorable. The authors concluded that sitagliptin and atorvastatin should be coadministered with caution. Of note, two other cases of rhabdomyolysis have been reported with the combination of sitagliptin and other HMG-CoA reductase inhibitors, simvastatin [72] and lovastatin [73] , respectively. The case involving simvastatin concerned a 76-year-old man with chronic kidney disease receiving numerous medications, including amiodarone, olmesartan and diuretics. The authors concluded that high doses of sitagliptin (100 mg per day) in the presence of chronic kidney disease may have worsened this patient's renal failure and precipitated rhabdomyolysis by increasing circulating levels of simvastatin [72] . However, the causal relationship of sitagliptin added to simvastatin in the muscular toxicity has been debated, especially because of concomitant therapy with amiodarone in this patient [74] . In the other case, a possible interaction between sitagliptin and lovastatin at the level of the cytochrome P450 enzyme system was suspected. Indeed, both drugs are metabolized by the enzyme CYP3A4 [32, 35] , and when coadministered, sitagliptin could theoretically increase the plasma concentration of lovastatin by competition for the enzyme. This would increase the likelihood of lovastatin causing muscle toxicity. A similar mechanism could not be excluded with a coadministration of atorvastatin and sitagliptin. Nevertheless, these cases are rather exceptional so that one may question the need for a close monitoring for clinical and biochemical evidence of toxic myopathy in patients taking statins (atorvastatin) and DPP-4 inhibitor sitagliptin). Check of serum creatine kinase levels is only recommended in case of clinical symptoms evoking muscular toxicity [5] .
Because of the PK characteristics of sitagliptin [37] , to achieve plasma concentrations similar to those observed in patients with normal renal function treated with 100 mg sitagliptin once daily, patients with moderate RI should receive sitagliptin 50 mg once daily and patients with severe RI 25 mg once daily. When using such dose adjustment, sitagliptin was generally well tolerated and provided effective glycemic control in patients with T2DM and moderate to severe RI [75] . Furthermore, a recent retrospective cohort study of a large medical and pharmacy claims database revealed an increased incidence of acute renal failure in diabetic versus non-diabetic patients but no association between use of sitagliptin and acute renal failure [76] .
Conclusion
Patients with T2DM are exposed to a considerably high CVD risk, which requires a global management to improve prognosis. Atorvastatin, a potent lipid-lowering agent, and sitagliptin, a glucose-lowering agent belonging to the incretin-based pharmacological class, can be used together in order to provide a global cardiovascular protection in patients with T2DM. Considering the individual PK characteristics, no adverse DDIs may be expected from the combination of the two drugs. No proven special adverse events have been reported with the association of atorvastatin and sitagliptin yet. By reducing LDL cholesterol and glucose levels, several favorable vascular effects may be expected, for instance, reduction in silent inflammation and improvement of endothelial function. Further studies should demonstrate the clinical value of such a combination. In this regard, the results of the ongoing large prospective cardiovascular outcomes trial TECOS will probably be of great interest. An FDC may be considered although its place in clinical practice remains to be demonstrated, especially when considering the already available classical sitagliptin-metformin combination and amlodipine-atorvastatin combination in the US market.
Expert opinion
The cardiovascular complications of T2DM represent a major burden for patients and health care systems. Therefore, everybody will agree that prevention of CVD is a major objective in the management of patients with T2DM. To reach this objective, a global management targeting not only hyperglycemia but also all other risk factors, including dyslipidemias, is strongly recommended. In the recommendations of the American Diabetes Association, statin therapy should be added to lifestyle therapy, regardless of baseline lipid levels, for diabetic patients with overt CVD (Evidence level A) and without CVD who are over the age of 40 years and have one or more other CVD risk factors (Evidence level A). For lower-risk patients than the above (e.g., without overt CVD and under the age of 40 years), statin therapy should also be considered in addition to lifestyle therapy if LDL cholesterol remains > 2.5 mmol/l (100 mg/dl) or in those with multiple CVD risk factors (Evidence level E). In the recent guidelines from the European Society of Cardiology and the European Atherosclerosis Society, all patients with T2DM should receive statin therapy, except perhaps patients younger than 40 years, with a short duration of therapy, without other risk factors, without complications and with an LDL cholesterol < 2.5 mmol/l (100 mg/dl) who may not need lipid-lowering drugs (Evidence level B). Thus, a large majority of T2DM patients should receive a statin so that such pharmacological intervention obviously is in the heart of T2DM global management. Interestingly enough, in CARDS, atorvastatin, at a low dose of 10 mg per day, has proven its efficacy and safety in patients with T2DM, with a 37% reduction in first CVD events compared with placebo despite the absence of high cholesterol concentrations. Because of these favorable results, CARDS was discontinued 2 years before the anticipated end. In the absence of significant effect on both overall and cardiovascular mortality, one may question whether the trial should not have been prematurely stopped, especially in view of the nonsignificant reduction of cardiovascular events in ASPEN, another study also having evaluated the effects of atorvastatin 10 mg in patients with T2DM.
Controlling hyperglycemia without inducing hypoglycemia (and weight gain) remains a big challenge in the field of diabetes management. In this regard, incretin-based therapies raised considerable interest in recent years. Besides GLP-1 mimetics or analogs, DPP-4 inhibitors are a promising pharmacological class of glucoselowering agents that open new perspectives for the management of T2DM. By inhibiting GLP-1 degradation and increasing circulating levels, thereby promoting insulin secretion and reducing glucagon secretion, both in a glucose-dependent manner, these agents are characterized by a mechanism of action that is distinct from (and also complementary to) any existing class of oral glucose-lowering agents. Because of their unique mechanism of action, these new oral agents meet the, until recently, unmet needs of improving glucose control without hypoglycemia and weight gain. Furthermore, positive effects beyond glucose control have been reported, both in animal models and in humans, which may contribute to improve endothelial dysfunction and exert cardiac protective effects. Preliminary retrospective results from Phase III studies suggested a possible reduction in CVD events in patients receiving DPP-4 inhibitors, including sitagliptin. These encouraging observations trigger ongoing large prospective trials, which should first confirm the safety of DPP-4 inhibitors and second, hopefully, show some cardiovascular benefits in addition to underlying basal therapy. In this regard, sitagliptin will be evaluated in TECOS versus placebo, added on top of other glucose-lowering agents (except other incretin therapies) and lipid-lowering medications. However, because of the design of the study, which allows any clinically relevant pharmacological adjustment during the rather long-term follow-up (almost 4-5 years), it is to be feared that the demonstration of a significant reduction of CVD events with sitagliptin in such a trial will be difficult to be achieved (therefore, the non-inferiority design of the study).
By tackling both dyslipidemia (with atorvastatin) and hyperglycemia (with sitagliptin), without worsening other risk factors, one may expect an additive or even a synergistic effect in the prevention of CVD events in patients with T2DM. This is especially true because both compounds have also shown so-called pleiotropic effects, potentially favorable to both vessels and heart, beyond their lipid and glucose effects, respectively. One recent concern, however, was the demonstration that statin therapy may negatively interfere with glucose metabolism and increase the risk of new-onset diabetes. Controversial findings have been reported, with a reduced risk for pravastatin contrasting with an increased risk for other statins, including atorvastatin. Nevertheless, if present, this negative metabolic effect appears rather small (considering the high number needed to harm, around 250), and this effect should be weighed against the favorable protective role of statins against CVD, the number one killer of patients with T2DM.
A final comment may be devoted to the place of such an atorvastatin-sitagliptin association if an FDC would be available on the market in the future. At first glance, such a combination may appear appealing from a PD but also PK point of view. Indeed, the two pharmacological agents are given once daily and do not show deleterious DDIs. However, some concerns should be raised. First of all, it should be pointed out that until now there is no available study (at least published as full papers referred in PUBMED) having specifically evaluated the combination of atorvastatin and sitagliptin, either separately (which is quite astonishing) or of course as an FDC. Furthermore, two different FDCs are already available, the atorvastatin-amlodipine FDC (at least in the US) and the sitagliptin-metformin FDC (worldwide). Because metformin is considered as the first-line therapy in the management of T2DM, an atorvastatin-sitagliptin FDC, if available for clinicians, would be in competition with the sitagliptin-metformin FDC. Thus, we can speculate that a new atorvastatin-sitagliptin FDC might preferably be used in T2DM patients in whom metformin is either contraindicated (RI) or not tolerated (gastrointestinal adverse events). In case of RI, the dose of sitagliptin should be reduced according to glomerular filtration rate because this DPP-4 inhibitor is mainly excreted via the kidney. This is not the case for atorvastatin, which is essentially eliminated by the liver. Thus, the prescription of an atorvastatin-sitagliptin FDC in patients with RI should take into account this dose adjustment of the DPP-4 inhibitor, which may limit the easy use of such an FDC in patients with T2DM at risk of RI, as in elderly patients. Finally, regarding an FDC of
